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1 ABSTRACT
Of the new discoveries in liquid crystal phases, of which one of the most significant is the nematic
twist-bend (NTB), a heliconical phase often exhibited by flexible bent dimers with an oddnumbered methylene bridge, there is currently a lack of consistency on reported sub-phases formed
by nematic twist-bend mesogens with chirality-breaking constituents which have displayed
multiple possible sub-phases1. Here, we consider the achiral dimer mixture KA(0.2) doped with
varying weight percent (χ%) of a chiral rod-like dimer ZLI-811. Previous characterization
techniques such as differential scanning calorimetry (DSC), resonant soft X-ray scattering
(RSoXS), and circular dichroism (CD) have displayed features suggesting a possible phase called
the twist-bend twist grain boundary (TGBTB)2. With the addition of polarized optical microscopy
(POM) and optical differential scanning (ODS) measurements, we present further investigation
into the effects of chiral dopants in achiral flexible bent dimer mixtures, and the optical features
expressed by this novel phase.
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3 INTRODUCTION
In recent investigations into nematic type liquid crystals, it has been both theoretically and
experimentally shown that a unique phase of nematic liquid crystal exists, by which the phase is
no longer uniaxial, but rather biaxial, where the director follows an oblique helicoid structure,
forming a constant angle with the helical axis3. These mesogens then bend about a twist axis,
leading to the given name for this phase: the nematic twist-bend (NTB). As opposed to the chiral
nematic (N*), where the director preferentially twists while maintaining perpendicularity to the
helical axis in either a right or left-handed manner, the NTB phase is formed by achiral molecules,
expressing a racemic mixture of handedness.
Regarding the formation of the NTB phase from achiral constituent mesogens, it has been
demonstrated analytically and experimentally4,5 that flexible bent-core dimers with an oddnumbered methylene bridge are highly capable of displaying this twist-bend heliconical
nanostructure. Of these types of flexible bent-core dimers, the most common preliminarily studied
experimentally are of the form 1,7-bis-4-(4’cyanobiphenyl) ‘n’-ane (CBnCB), where n is an oddnumbered aliphatic chain. However, in performing optical studies on these polymers, it has been
seen that the NTB phase occurs far above room temperature, as does crystallization, even for large
bridged variants. Thus, to study the various properties of such twist-bend characteristic materials,
increased functionalization of the aromatic regions has proved vital in depressing the transition
temperatures to obtain a thermally stable NTB phase at low temperature regimes. Such is the case
with the six-component flexible bent-core dimer mixture KA(0.2), shown in the Appendix (Fig.
A1), whereby components i-vi exist in a blend, with component vi in a 20% mole-fraction6. Having
relatively low phase transitions, much like those of the nCB nematic liquid crystals, this mixture
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is beneficial in studying the various properties of NTB materials without the need for constant hightemperature systems.
With this experimental advantage, the ability to investigate the effects of added chirality to
an achiral system can be performed at low temperatures, as it has been described by various reports
that the addition of chirality to an achiral NTB system causes multiple anomalous effects across a
multitude of properties in the transition to forming twist-bend nanostructures. As such, to the
KA(0.2) mixture is added the chiral dopant ZLI-811 (Fig. A1) in varying amounts, so as to study
this phenomenon. From multiple prior characteristic techniques, such as induced circular
dichroism (iCD), differential scanning calorimetry (DSC), and resonant soft x-ray scattering
(RSoXS), it has been noted that with increasing concentration of the chiral additive, we see an
increase in the nanoscale pitch expressed by the twist-bend nanostructure. Additionally, it is
proposed that in the transition from a N* to a chiral nematic twist-bend (N*TB) structure, above a
threshold weight percent of chiral dopant, a metastable subphase is observed. This proposed
subphase is given the suggested identifier “twist-bend twist grain boundary (TGBTB)”, due to its
similarities to other twist grain boundary phases (TGBA) seen in smectic liquid crystals, whereby
pseudo-layers of N*TB are broken so as to maintain constant layer spacing in the presence of an
additional twist rotation (Fig. A2).
While the work done thus far regarding these mixtures provide great insight into much of the
behaviors expressed during the transition down to the nematic twist-bend, they fail to provide
much insight into the optical nature of the fine mesogenic structure. As such, to add to previous
characterizations of this effect, optical studies are introduced, by which features regarding the
optical axis alignment and birefringence are presented using polarized light microscopy (POM)
and the Pola-Viz software in addition to more direct methods of measuring birefringence. In doing
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this, we hope to further specify the optical textures of the phases expressed by these mixtures,
detect the existence of this proposed defect subphase, isolate the transition temperatures, and
corroborate the results of prior studies.
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4 THEORY
4.1 GENERAL THEORY OF LIQUID CRYSTALS
4.1.1

Background

Since their discovery in 1888 by Austrian botanist Friedrich Reinitzer while observing the physical
and chemical properties of cholesterol7, liquid crystals have increasingly become a field of interest
throughout the twentieth century, seeing applications in the fields of thin film optics, electro-optics,
biological membranes, and biomolecular polymers. To generalize, one may consider the liquid
crystal to be an intermediate state of matter between that of a liquid and a solid. This state is often
characterized by the appearance and behavior of these mesogenic compounds, with particular
importance given to their ability to orient themselves structurally much like a solid
forming a lattice while maintaining the ability to flow much like a liquid.
4.1.2

Principal Mesophases

Of the myriad phases expressed by liquid crystals, due to varying mesogenic
structure and molecular features, there do exist a few key classifications of these
phases that generalize the conformational ordering of the
mesogens. Disregarding chirality, the nematic and smectic
classifications of liquid crystal phases describe the majority of
1-D orderings. As displayed in Fig. 1, nematic (N) liquid
crystals display ordered alignment without a positional order,
while smectic A (SmA) and smectic C (SmC) crystals have
both orderings. With the inclusion of chirality, two more

Figure 1. (Top) Nematic (N) phase. (Left) Smectic A
(SmA) phase. (Right) Tilted smectic C (SmC) phase.
Images from Wikipedia.org
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broad classes of liquid crystal phases are introduced
(Fig. 2), with the first being smectic C* (SmC*), a phase
structured nearly identical to SmC with the addition of
twist

between

adjacent

layerings,

and

the

cholesteric/chiral nematic (N*). In these chiral phases,
we see the addition of an azimuthal twist resulting due
to the chirality causing asymmetric packing of the

Figure 2. (Left) Cholesteric/chiral nematic (N*)
phase. (Right) Chiral smectic C (SmC*) phase.
Image from Wikipedia.org

mesogens. Within these general classifications of observed liquid crystal phases, many other
subphases do exist as the result of various defects which often arise during transitions from one
phase to another.
4.1.3

Quantitation of Liquid Crystal Phases – Order Parameters

Often, liquid crystals will proceed through a variety of phases in the transition from the isotropic
(fluidic) phase to other phases usually in the lower temperature regime. Regarding these phase
changes, it is often useful to consider the order parameters specific to a given transition and observe
how the order parameter changes with respect to the whatever other parameters are guiding the
transition (temperature, concentration, etc),
For instance, a second-order Legendre polynomial (P2) within a spherical coordinate system
defines the alignment order parameter S on the nematic liquid crystal in terms of the angle made
3

1

with the director, given by: 𝑆𝑆 = 〈𝑃𝑃2 (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)〉 = 〈 cos 2 𝜃𝜃 − 〉.8 Clearly, from this definition of S,
2

2

one may see that a value of 1 represents perfect parallel alignment to the director, where -1/2
indicates perfect perpendicular alignment, and zero is seen for the isotropic liquid.
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A similar observable is defined for the smectic phases, where in addition to the nematicity order
parameter S, a lamellar order parameter ψ describes the layered ordering seen in SmA and SmC
phases9. This order parameter is then defined through a 1-D Fourier analysis of the electron density
across the periodic stacking structure in smectic phases. By expansion of the electron density as a
Fourier series of displacement perpendicular to the stacking layer (z), the first cosine term of the
infinite series offers a solid approximation of stacking density. This then defines the lamellar order
parameter ψ as the amplitude of the cosine function in the electron density expression: 𝜌𝜌(𝑧𝑧) =
2𝜋𝜋𝜋𝜋

𝜌𝜌0 �1 + 𝜓𝜓cos �
4.1.4

𝑑𝑑

�� with layer spacing d and average electron density ρ0.

Liquid Crystal Phase Transitions

With this definition of an observable order parameter, one can construct a free energy description
of any phase transition in order to determine the phase diagram by observing the relative free
energy for each phase and thus where the critical points of transition occur.
For instance, regarding the isotropic-nematic phase transition, whereby under the Landau
assumption that the nematic order parameter S is small for N phase near the transition and the
difference in free energy per unit volume of the two phases under a thermotropic transition G(S,T)
can be expressed as a power series of the order parameter S10:
1
1
1
𝐺𝐺(𝑆𝑆, 𝑇𝑇) = 𝐺𝐺𝑖𝑖𝑖𝑖𝑖𝑖 + 𝐴𝐴(𝑇𝑇)𝑆𝑆 2 + 𝐵𝐵𝑆𝑆 3 + 𝐶𝐶𝑆𝑆 4 + ⋯
2
3
4

In this Landau free-energy change, the terms A(T), B, and C are expansion coefficients and the S1
term has been omitted due to symmetry requirements. Of pertinence in the expression is the first
expansion coefficient A(T), which under a first-order approximation may be expressed in terms of
the critical transition temperature T* as 𝐴𝐴(𝑇𝑇) = 𝐴𝐴0 (𝑇𝑇 − 𝑇𝑇 ∗ ). Under minimalization with respect
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to the order parameter, the free energy change as a function of S is:
giving the typical solutions for S of 𝑆𝑆 = 0,
of G(S).

−𝐵𝐵±√𝐵𝐵2 −4𝐴𝐴𝐴𝐴
2C

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝐴𝐴(𝑇𝑇)𝑆𝑆 + 𝐵𝐵𝑆𝑆 2 + 𝐶𝐶𝑆𝑆 3 ,

with regards to local minima and maxima

Similarly, one may construct the free-energy relation for the nematic-smectic transition, with the
aforementioned lamellar order parameter ψ. By translational symmetry of the smectic layering, in
addition to the order parameter being defined as a cosine amplitude, the Landau free-energy change
is then given by10:
1
1
1
𝐺𝐺(|𝜓𝜓|, 𝑇𝑇) = 𝐺𝐺𝑛𝑛𝑛𝑛𝑛𝑛 + 𝛼𝛼(𝑇𝑇)|𝜓𝜓|2 + 𝛽𝛽|𝜓𝜓|4 + 𝛾𝛾|𝜓𝜓|6 + ⋯
2
4
6

One may then perform similar minimalizations of the free-energy with respect to the order
parameter to create a temperature phase diagram for this transition.
4.1.5

Mechanical Properties

To note the mechanical behaviors of liquid crystalline materials, first consider the typical example
of a Hookean spring in one-dimension, whereby the stored elastic energy in the system is given by
1

𝐸𝐸 = 𝐾𝐾𝑥𝑥 2 with extension/compression x and spring constant K. Normally, expanding this
2

concept to the three-dimensional case requires the use of the stress/strain and compliance tensors,

which being 81 element matrices, introduces a multitude of complexities in the analysis.
Fortunately, it is often the case that with the symmetries inherent in any given phase, this can often
be reduced to a few necessary elastic constants to describe the phase.11,12
For instance, with the case of standard nematic liquid crystals, it can be shown by symmetry
relations that only 3 elastic constants are necessary, being K1 (Splay), K2 (Twist), and K3 (Bend).
If chirality is present, often a fourth constant, K4, is needed to describe the degree of chirality13.
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With these elastic constants, one finds the Frank’s free energy per unit volume (FV) of a nematic
liquid crystal to be12:
1
1
1
2
2
2
2
�⃑ ∙ 𝑛𝑛�� + 𝐾𝐾2 �𝑛𝑛� ∙ �∇
�⃑ × 𝑛𝑛��� + 𝐾𝐾3 �𝑛𝑛� × �∇
�⃑ × 𝑛𝑛��� + 𝐾𝐾4 �𝑛𝑛� ∙ �∇
�⃑ × 𝑛𝑛���
𝐹𝐹𝑣𝑣 = 𝐾𝐾1 �∇
2
2
2

Thus, in describing the structural phases inherent within a liquid crystal, one may place a sample
under a variety of distortions via mechanical, electric, or magnetic external forces, allowing for
quantitation of the different elastic constants.

4.2 CRYSTALLOGRAPHIC DEFECTS AND ROTATIONAL MESOPHASES
Defects are of extreme importance when considering the positional structuring of mesogens as
packing occurs during the transition away from the isotropic phase. Primarily, in 1-D and 2-D
solids, defect structures occur as the result of the inability for these geometries to constrain
positional

fluctuations

of

the

mesogens.

Generally, this is expressed in solids as either a
point imperfection or a line imperfection.
Point imperfections, where interstitial vacancies
within the lattice become filled, are of less
importance to the study of liquid crystals than they
are in solid state crystals. Line imperfections (Fig
3)14, however, retain significant ramifications to
the expressed mesophases, consisting of a

Figure 3. Diagrams illustrating various types of line defects by
Volterra process constructions. Image from Clayton, et. al11

continuous curve of localized defects throughout the semi-crystalline structure. Within the
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classification of line imperfection, there exist two distinct types of defects: disclinations and
dislocations.
4.2.1

Disclination Line Defects

Disclinations are topological line defects whereby rotations occur within the continuous medium,
violating the rotational symmetry present15. As a line defect, this creates an extended boundary
separating adjacent layers within the continuum. Along the disclination line, long-range director
fields become distorted as the energy of the disclination frustrates the local potential of the medium.
Often, the line defect “seeds” from a core as it begins to extend, which is of the order of molecular
size, and can be considered a local isotropic zone within the anisotropic medium16. Such
disclination fields are easily visualized under polarize light microscopy measurements taken on
liquid crystals, whereby the schlieren textures and other brushed directional textures arise due to
local changes in the optical axis of the medium (Fig. A5-9). Additionally, as the liquid crystal
undergoes further phase transformations, these line defects often serve as nucleation sites for the
incliment transition front (Fig. A6-9).
4.2.2

Screw and Edge Dislocations

In moving to smectic stacked mesogens, dislocations whereby regions of liquid-crystalline
medium are translated with respect to one another become highly prominent between individual
stacking layers. Particularly, these defects occur as the result of bend or twist deformations
imposed upon the smectic plane or forced periodicity by the surfaces enclosing the liquid crystal.
In order to maintain a low elastic energy structure, individual smectic layers separate on either side
of the dislocation forming “pseudo-layers” expressing unique smectic sub-structures, localizing
energetic expenses to the core line defects16,17. The mechanism by which this minimalization of
elastic energy costs occur is then dependent on the orientation of the line defect with respect to the
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stacking orientation. If the line defects occur perpendicular to the stacking direction between
adjacent SmA layers as edge dislocations, the created pseudo-layers then may then form disrupted
SmC structures between individual stacks, where the
tilted orientation of the mesogens may express an
alternating director across the stacking direction18.
However, if the dislocation line defect occurs as a plane
parallel to the stacking orientation (Fig. 4a)19, screw
dislocations can result, particularly in the chase of chiral
mesogenic smectics and cholesterics. In this case,
between adjacent pseudo-layers a periodic twist is
introduced orthogonal to the stacking directors, leading
to a unique class of defect rotational mesophase known

Figure 4. (a) Diagram representing screw dislocations between
SmA layers creating grain boundaries. With the addition of the
induced twist between adjacent layers, causes TGB phase to
result. (b) POM image of TGB phase indicating changing
directors. Image from Sahoo and Dhara18

as the twisted grain-boundary (TGBA)18,19, easily identifiable by polarized light microscopy, with
optical axis fluctuations across the grain boundary (Fig. 4b)19.
4.2.3

Twist-Bend and Heliconical Structures

General discussion thus far has been regarding mesogens with “rod-like” structure, where the
structure of the mesogens themselves induce no rotational effects within the layered plane, only
seeing twisting rotations orthogonal to the director as an effect of chirality in the N* phase, or due
to screw dislocations between smectic layers potentially causing twist grain-boundary effects.
However, this is not the only type of constituent mesogenic structure which displays liquid crystal
properties. Additionally, by the structure of the mesogens, the elastic constants which comprise
the Frank’s free energy expression (FV) change significantly, extending in relative values and may
be defined in more than one dimension. This explicitly becomes apparent when involving

15

mesogens which themselves have a
changing director field, as is the
case with dimer mesogens that take
on a bent shape. These bent-core
liquid crystals (BCLC) often form
heliconical

director

structures,

where the nematic director twists
about a helical axis of alignment at
an oblique angle, drawing a conical

Figure 5. Schematics of director alignments in nematic-type LC's. (a) Nematic phase.
(b) Nematic Twist-Bend (NTB) with oblique heliconical angle. (c) Chiral nematic (N*)
phase.

shape about the propagation (Fig. 5b)3. This phase, dubbed the nematic twist-bend (NTB) is highly
distinct from the typical twist seen in chiral nematics (N*) (Fig. 5c)3 as the formation of NTB occurs
independent of molecular chirality due to its dependence on the bent-shape mesogens, resulting in
coexisting right and left-handed helices. Experimentally, this was first observed in flexible BCLC
dimers, with two rigid arms connected by odd-numbered methylene or ether linkages. Furthermore,
flexoelectric and freeze-fracture transmission electron microscopy (FF-TEM) studies have verified
the distinct nature of this phase from N* showing a heliconical pitch length in the 10 nm range20,
whereas the smallest pitch observed for N* is greater than 100 nm21.
Chirality can be added to the NTB phase through the addition chiral molecules to BCLC mixtures,
leading to a preferential helicoid with the same handedness as the chiral additive, extending the
helical pitch. With the opposite handedness of helicoid, however, it has been shown that the helical
pitch becomes diminished or expelled altogether22,23.
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4.3 BIREFRINGENCE AND POLARIZED OPTICAL MICROSCOPY
Currently, there exist a large variety of standard laboratory tools used to characterize and quantify
the properties expressed by materials. For instance, differential scanning calorimetry quantifies the
heat transfer during phase transitions, while x-ray diffraction and transmission electron
microscopy provides quantitative and qualitative insight into the fine structure of solids. However,
as most applications of liquid crystals lay in their usage in thin film optics, a primary point of
interest is the ability to measure interactions with light. Quantitatively, to this end, one may use
spectrophotometric and spectropolarimetric techniques such as UV-Vis absorption or circular
dichroism to obtain a quantified response to varying wavelengths or circular polarized light,
respectively. Unfortunately, while these techniques are useful in providing precise measurements
with respect to their specific interactions, they fail to provide much insight into localized optical
responses across the liquid crystal surface, giving the averaged response for the whole sample.
Additionally, this does not allow for the identification of defects present in the medium, nor the
textures present within the sample. To achieve this, optical imaging techniques are used for
qualitative surface characterization. In particular, due the nature of the types of defects seen in
liquid crystals, a specialized type of light microscopy is required in order to visualize them, as they
are structural in nature and not compositional. Therefore, by exploiting the optical property of
birefringence heavily expressed by liquid crystals, we may use polarized optical microscopy
(POM) to observe the local structure of these samples.
4.3.1

Birefringence

Birefringence, as an optical property, is the ability for an anisotropic material to exhibit a
directional-dependent index of refraction, whereby light traveling through the medium will refract
in two dimensions, each corresponding to a different polarization. In this instance, one ray will
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obey standard refractive relationships per Snell’s law and dubbed the “ordinary” component,
whereas the second refracted ray will deviate from the standard relationship and is called the
“extraordinary” component. Now, by rotating the material about varying axes, one can find a
principal axis by which this rotation does not change the optical behavior. This axis is commonly
known as the “optical axis” per this unique directional property. Light propagating through the
medium will then have a linear polarization perpendicular to this axis, governed by the ordinary
refractive index no, and a linear polarization with a different propagation direction governed by the
directional-dependent extraordinary refractive index ne. The birefringence then expressed by the
material is the difference between these two values, given as: ∆𝑛𝑛 = 𝑛𝑛𝑒𝑒 − 𝑛𝑛𝑜𝑜 .
4.3.2

Polarized Optical Microscopy

Polarized optical microscopy (Fig. 6) expands
upon the
microscopy

methodology of standard light
by

taking

advantage

of

this

birefringent property in order to identify the
optical textures of a material through local
variations in the optical axis by changing

Figure 6. Arrangement of polarized optical microscope for
birefringent crystal between crossed polarizers. Image from:
Olympus Scientific Solutions Americas Corp.

birefringence. To achieve this, the incident light
first passes through a linear polarizer, converting the light to have a singular polarization. This
light then passes through the sample such that the optical axis of the sample is perpendicular to the
incident light. The incident light then separates into two exiting polarizations, one parallel to the
optical axis, and one perpendicular to both the optic axis and the propagation direction. Due to the
difference in index of refraction, however, the two polarizations are then dephased by some
retardation value in terms of the wavelength. These polarizations are then recombined by a second
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linear polarizer, called the analyzer, with the final exiting light passing into a semiconductor
photodiode or CCD camera. If using a semiconductor photodiode, voltage output measurements
may then be converted into intensity and then birefringence. Furthermore, by adjusting the
polarizer incrementally and observing the change in birefringence, one may determine the local
optical axis directions across a 2D array image.
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5 EXPERIMENTAL METHODS
Prior to beginning the project, 5 μm cells were prepared on transparent indium tin oxide coated
glass substrates treated with unidirectional rubbed polyimide PI2555, thereby promoting
molecular alignment along the rubbing direction. This set consisted of a sample series of KA(0.2)
provided by Merck with χ = {0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5} wt% of the chiral dopant, ZLI-811.
These samples were then first analyzed using an Olympus BX51 polarized optical microscope,
outfitted with specialized Pola-Viz filters, heater, temperature controller, and analytic Phi-Viz
Imaging System (APSYS Inc.) designed for reporting retardance and local optical axis. Following
a series of multiple measurements taken for each sample, a second experiment, dubbed optical
differential scanning (ODS) was performed in which a similar set of crossed polarizers is used,
however a He-Ne laser acts as the light source and intensity on a photodiode is the recorded data,
using a LabView program and the Pola-Viz heater toolkit.
On both instruments, the temperature was initially brought to 80.0°C, so that the sample was in the
isotropic phase, as a point for calibration of the software, due to the low birefringence of the liquid
crystal in this phase acting as a baseline for measurement. For temperature ramps on the Pola-Viz
POM, it was generally cooled at 1-2°C/min between phase transitions (63-37°C), 0.2°C/min for
the higher temperature transition (70-63°C), and at 0.05°C/min in the low temperature regime.
Some trials, however, had variations in the cooling rate in the high temperature transition, if the
sample was prone to leaving residual defects or disclination lines, as these would promote early
nucleation in the low temp transition. For the ODS experiment, the cooling rate was kept far more
uniform throughout the entirety of a measurement cycle, being 0.5°C/min for the whole process,
unless greater resolution was needed in separating the transition peaks that appeared, which then
utilized a 0.1°C/min cooling rate.
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Following data collection, the resulting Pola-Viz images were compiled into a series of videos to
better observed the transitions seen across the samples. Likewise, the ODS temperature and
intensity data were combined to generate intensity vs. temperature plots for each of the samples.

6 RESULTS AND DISCUSSION
In the appendix, multiple sets of images are given (Fig. A3-A9), showing some of the observed
transitions by the Pola-Viz. For analysis, the color of the imaged surface represents the local optical
axis, while the brightness indicates local retardance. Note that in the figures, the cell rubbing
direction goes bidirectionally from the bottom-left to top-right of each image. From the sequences
of observed thermally-dependent phases, it is shown that textures characteristic of the TGBTB
subphase exist for small ranges of temperature between the N* to N*TB transition near the 35-32 °C
range for the samples containing greater
than 1.5 wt% dopant. Additionally, it is
also observed that with increasing wt%
of dopant, the TGBTB subphase is
slightly extended for longer ranges of
temperature in both directions, implying
increased thermal stability. This is
observationally

verified

in

the

birefringence data presented (Fig. 7),
whereby the change in retardation
during the phase transition causes a shift
in the intensity of light upon the

Figure 7 Direct birefringence data taken from optical
differential scan, with individual samples artificially
separated. Data starts with 0% chiral additive KA(0.2)
at top, then incrementally increasing in chiral additive
from 1% to 3.5% moving down the data series.
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photodiode. As seen in the data, the transition occurs at lower temperatures with increasing wt%
of dopant, as well as the appearance of multiple peaks at ~2 wt% dopant, starting with a shoulder
peak which separates into two resolved peaks at higher temperatures.
With the birefringence data and POM images, it appears to be in agreeance with prior
characterization methods that first there does indeed exist a change in the helical periodicity, as
seen by the stripes which appear upon cooling with the chiral additive. Secondly, we do see this
proposed anomalous defect phase, to which we again provide the phase models (Fig. A2), where
the increasing chirality can break the
NTB

pseudo-layers

into

blocks

rotating with respect to one another
about an axis orthogonal to the
director, hence the texturing that
appears perpendicular to the rubbing
alignment of the cell when in the
supposed

TGBTB

phase

in.

Additionally, with the combined data
from other methods, we propose the

ZLI811 Concentration (wt%)
Figure 8. Phase diagram for the chiral additive in an NTB mixture at
temperatures relative to N-NTB transition for 0% KA(0.2) at 37° C

following phase diagram (Fig. 8)2 for a few degrees above the N-NTB transition of the neat KA(0.2)
down to room temperature, with the blue region representing the suggested TGBTB regime. The
dual-tone shading represents the zones of interest, with the darker blue indicating the range
between the appearance of the uniform texture front and the formation of stripings. The region in
light blue, where studies still indicate some large degree of CD activity, with the second maximima
occuring at the border of the indicated region.
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7 CONCLUSIONS
Through multiple characterization techniques, we have successfully provided evidence for the
proposal of a sub-phase which can be seen for low weight percent doping of a chiral rod-like dimer
in an achiral flexible bent dimer mixture. By investigating the optical properties of this mixture
under various concentrations of chiral dopant, it has been shown that this sub-phase, the twistbend twist grain-boundary (TGBTB), displays a characteristic texture for its optical axis when
observed by polarized optical microscopy, where a series of discontinuous “worm-like” bands lay
normal to the rubbing direction. Additionally, through direct birefringent methods, it is verified
that for dopant amounts 1.5% and above, there exists further evidence for a stable TGB-type defect
phase, as the transition proceeds through a series of peaks, hinting at this intermediate phase with
different optical properties than N* or N*TB. This hybrid defect phase indicates a need for more
studies into the case of spontaneous symmetry breaking influenced by chiral additives, particularly
by continuing on to study a larger array of NTB hosts. Additionally, it would be worth studying
into the effects of this chiral additive and its helical pitch length modulation on the mechanical and
flexoelectric properties of the material as well as the NTB order parameter.
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9 APPENDIX – SUPPLEMENTARY FIGURES

Figure A1. The seven components of the chiral-doped
KA(0.2) mixture: (i-v) constitute KA, with an addition of 20
mol% (vi) for KA(0.2); (*) is the chiral dopant, ZLI-811.

26

Figure A2. Illustrations displaying the effects of chiral dopants (purple rod
with white stripes) in various nematic phases of liquid crystals. (a) Shows the
change from a simple nematic phase into a N* phase, where the heliconical
director rotates along the helix perpendicular to the axial director. (b) The
addition of chirality into the NTB phase can modulate the nanoscale pitch.
Additionally, (c) may also occur, where the added chirality can break the
pseudo-layers to blocks that rotate with respect to each other (TGBTB)
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Figure A3. Pola-Viz Texture Images for KA(0.2) – 0.0% Chiral Dopant

(a) Nematic phase at 70.0°C immediately following transition
from isotropic.

(b) Nematic phase at 58.0°C after cooling, note the reorientation
of optical axis as approaching twist-bend.

(c) Nematic to twist-bend transition, with the characteristic
ribboning texture rising from nematic background texture.

(d) Nematic twist-bend, with characteristic texture along
rubbing direction from the cell. Visible “Y” shaped defect is
also seen.
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Figure A4. Pola-Viz Texture Images for KA(0.2) – 1.0% Chiral Dopant

(a) Transition front from one chiral nematic phase to another,
with optic axis reorientation at 32.1°C.

(b) Second chiral nematic phase transition front immediately
following that in (a), at 32.0°C.

(c) Completed chiral nematic phase at 31.0°C, with optic axis
oriented in preparation for transition to twist-bend.

(d) Chiral nematic twist-bend, with characteristic texture
along rubbing direction from the cell, although wider than that
seen in Figure 1-d.
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Figure A5. Pola-Viz Texture Images for KA(0.2) – 1.5% Chiral Dopant

(a) Networking disclination lines that arise in the
transition from isotropic to chiral nematic at 67.6°C.

(b) Disappearing disclination lines following (a) during
the transition to chiral nematic at 67.4°C.

(c) Fingerprint-like texture believed to be TGBTB, during
a short lived transition at 33.9°C. Note the optic axis of
these lines is normal to the rubbing direction.

(d) Fading remnant texture of the TGBTB at 33.8°C as
the phase transition to a nematic chiral once more before
reorienting the axis for twist-bend.

(e) Chiral Nematic twist-bend at 30.0°C. Addition of
chirality breaks the neat ribboning seen in lower wt%
samples, giving a ‘beads-on-a-string’ texture.

(f) Another image of chiral nematic twist-bend at 31.2°C
texture, with the same type texture as in (e), though with
a slightly shifted optic axis.
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Figure A6. Pola-Viz Texture Images for KA(0.2) – 2.0% Chiral Dopant

(a) Networking disclination lines that arise in the
transition from isotropic to chiral nematic at 67.4°C.

(b) Further overlapping growth of disclination lines in
transition from isotropic to chiral nematic at 67.2°C.

(c) Remnant disclination line at 37.0°C that persisted
through the isotropic to chiral nematic, which will act as
a nucleation site for further transitions.

(d) Nucleation of a TGBTB like texture at 35.0°C on the
disclination line shown in (c), on a chiral nematic
background texture.

(e) Further expansion of the feature in (d), emphasizing
tthe growth of the possible TGBTB phase in multiple
directions away from the nucleation point.

(f) Chiral nematic twist-bend texture at 29.0°C,
displaying far neater texturing than in Figure 5-f, with
more uniform striping that is wider than the lower wt%.
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Figure A7. Pola-Viz Texture Images for KA(0.2) – 2.5% Chiral Dopant

(a) Patterned set of parallel disclination lines that in the
transition from isotropic to chiral nematic at 67.2°C.

(b) Clearing disclination lines in the transition to chiral
nematic at 66.5°C.

(c) A low-retardance ridged-texture transition front at
33.0°C. Note the second transition front in the bottom
right.

(d) Strongly retarding TGBTB texture at 31.9°C, with the
characteristic fingerprint texture of discontinuous
striping normal to the rubbing direction.

(e) Post-TGBTB texture at 31.5°C, with remnants visible
from (d), with reorienting optical axis before the twistbend transition.

(f) Chiral nematic twist-bend at 26.1°C, with increased
irregularities in the texture, compared to Figure 7-f,
particularly in the lower center of the image.
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Figure A8. Pola-Viz Texture Images for KA(0.2) – 3.0% Chiral Dopant

(a) Breaking disclination lines at 65.4°C in the isotropic
to chiral nematic phase transition.

(b) Two transition fronts approaching each other over a
low-retardance chiral nematic texture 34.2°C.

(c) Collision of the two approaching fronts in (b) at
34.0°C, with a clear ‘carpet-like’ texture on the growing
on the two fronts.

(d) Ridged texture on a chiral nematic transition at
32.4°C, displaying an approaching front from the bottom
right of the image.

(e) Pock-marked textured chiral nematic sub-phase at
32.1°C, following the transition front in (d), the purple
regions act as transition fronts for the twist-bend phase.

(f) Chiral nematic twist-bend texture at 30.3°C,
displaying with clear ribboning along the rubbing
direction, although with more variational direction.
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Figure A9. Pola-Viz Texture Images for KA(0.2) – 3.5% Chiral Dopant

(a) Chaotic disclination line network fading during the
chiral nematic transition at 67.0°C.

(b) Remnant loop disclination lines on a ‘carpet-like’
texture in the chiral nematic phase at 34.1°C.

(c) Disclination lines from (b) acting as nucleation
points for the growth of a subphase at 33.0°C that would
transition into TGBTB.

(d) TGBTB fingerprint texture at 32.4°C, as seen in
Figure 3-c and 5-d, but with a greater extent of observed
discontinuities.

(e) Post-TGBTB texture at 31.7°C, with lines that can be
directly seen as remnants from the texture in (d), as the
local optic axis returns to a chiral nematic like texture.

(f) Chiral nematic twist-bend at 27.0°C, with more
irregularities and texturing than that seen in the lower
wt% samples.

